The purpose of this study was to determine the prevalence, sociodemographic correlates, and comorbidity of recurrent headache in children in the United States. Participants were individuals aged 4 to 18 years (n ¼ 10 198) who participated in the National Health and Nutrition Examination Surveys. Data on recurrent and other health conditions were analyzed. Frequent or severe headaches including migraine in the past 12 months were reported in 17.1% of children. Asthma, hay fever, and frequent ear infections were more common in children with headache, with at least 1 of these occurring in 41.6% of children with headache versus 25.0% of children free of headache. Other medical problems associated with childhood headaches include anemia, overweight, abdominal illnesses, and early menarche. Recurrent headache in childhood is common and has significant medical comorbidity. Further research is needed to understand biologic mechanisms and identify more homogeneous subgroups in clinical and genetic studies.
H eadache is a common complaint in children and adolescents. The most frequent type of recurrent headache in young children is migraine, 1 while the frequency of tension type headache increases in the later years of childhood. Recurrent headaches can negatively impact a child's life in several ways, including school absences, decreased academic performance, social stigma, and impaired ability to establish and maintain peer relationships. The quality of life in children with migraine is impaired to a degree similar to that in children with arthritis or cancer. 2 There has been limited population-based research on headache and migraine in children, particularly in the United States. Most of our knowledge regarding the prevalence and demographic correlates of migraine is derived from school-based questionnaire studies in European countries [3] [4] [5] [6] and some from the United States. 7, 8 Prevalence estimates for headache in prepubertal children range from 2.4% to 17% for migraine and 4% to 5% for frequent or severe headache. For the postpubertal ages estimates are considerably higher, ranging from 5% to 18% for migraine and 9% to 29% for other frequent or severe headaches. Despite the impact of headache on pediatric health, only 1 population-based American study to date has examined the frequency of recurrent headache in children. 9 Individuals who suffer from migraine or severe headaches are also diagnosed with certain other medical conditions at a higher than expected frequency. Comorbidity can significantly influence the delivery of medical care as it may confound diagnosis and provide special therapeutic challenges. No population-based study to date has systematically examined the patterns of medical comorbidity of recurrent headache or migraine in childhood. Knowledge of other biologic systems involved would not only help physicians provide better care for their patients but may also provide some clues as to the shared pathophysiology of headache and these other conditions. This study uses the National Health and Nutrition Examination Surveys, a complex probability sample, to examine in children the prevalence of frequent or severe headache including migraine, to examine patterns of comorbidity, and to assess the impact of childhood headaches on school absences and health care use.
There has been substantial discussion regarding the validity of the diagnostic criteria for migraine in children. [10] [11] [12] [13] [14] [15] [16] [17] [18] Childhood migraine tends to have shorter duration and is more often bilateral than unilateral. Headache type as assigned in childhood is not a reliable predictor of presence or type of headache disorder at later ages. 19, 20 However, recurrent or severe headaches in children are associated with recurrent headaches in later life, and their clinical significance and association with impairment suggest that they are an important entity, irrespective of the specific subtype of headache disorder.
Methods
Data were derived from the combined 6-year data from 1999-2004 National Health and Nutrition Examination Surveys, a large representative sample of the US population conducted by the National Center for Health Statistics to examine the health status of noninstitutionalized US citizens, children, and adults through a stratified, multistage probability sampling design. National Health and Nutrition Examination Surveys oversamples low-income persons, adolescents 12 to 19 years old, and African Americans and Mexican Americans. The present study focuses on frequent or severe headache including migraine, and other medical conditions, among 4-to 18-year olds in the 3 cross-sectional National Health and Nutrition Examination surveys conducted from 1999-2004. Detailed National Health and Nutrition Examination Survey operations manuals are available on the National Health and Nutrition Examination Surveys' Web site. 21 
Measures
Information on headaches and other medical conditions was collected in the Medical Conditions Section of the National Health and Nutrition Examination Surveys. These questions have been widely used in National Health and Nutrition Examination Surveys and prior population-based studies. This method has been shown to yield more complete and accurate reports than estimates derived from responses to open-ended questions. 22 Methodological studies in both the United States and United Kingdom have documented good concordance between such condition reports and medical records. [23] [24] [25] Data were collected through interview with the adolescent (if the individual was 16 years or older) or with a knowledgeable adult in the children's household (if the individual was younger than 16 years).
Headaches/Migraines and other conditions
Headache status was determined by the answer to a yes/no question: ''During the past 12 months, have you had frequent or severe headaches including migraine?'' Medical conditions were inquired about in several ways: (1) ''Has a doctor or health professional ever told you that you had ?'' for high blood pressure, chicken pox, asthma, diabetes, attention deficit disorder, learning disability, and overweight; (2) ''During the past 12 months, have you had ?'' for hay fever, ear infections 3 or more times, and stuttering/stammering; (3) ''During the past 3 months, have you been on treatment for ?'' for anemia; and (4) ''Did you have a stomach or intestinal illness with vomiting and diarrhea in past 30 days?'' Questions about health care access and use for general health and for mental health specifically were also included.
Correlates of Headaches/Migraine
Sex, age, and race/ethnicity were obtained by self-report. Age group was categorized as 4 to 5, 6 to 11, 12 to 15, and 16 to 18 years. Race/ethnicity was defined as non-Hispanic white, non-Hispanic black, Mexican American, other Hispanic, and other race including multiple races. Socioeconomic status was assessed by the poverty income ratio. The poverty income ratio, based on family size, is the ratio of family income to the family's poverty threshold level, determined by the Bureau of the Census. The National Health and Nutrition Examination Surveys calculated respondents' poverty income ratio values using selfreported family income data. We used 3 categories such as the poverty income ratio less than 1, poverty income ratio 1 to 2, and poverty income ratio greater than or equal to 3. Poverty income ratio values less than 1 were deemed to be below the poverty threshold.
Dataset preparation and statistical analysis
Data were downloaded from the National Health and Nutrition Examination Surveys Web site. 21 Demographic, medical condition, and health care access information on individuals aged 4 to 18 years in the National Health and Nutrition Examination Surveys 1999 Surveys -2000 Surveys , 2001 Surveys -2002 Surveys , and 2003 Surveys -2004 were first merged horizontally within each cycle via a unique identification number (seqn), then vertically concatenated into 1 analytical dataset. After excluding missing headache information (n ¼ 12), the analytical dataset contains 10 918 individuals aged 4 to 18 years. Data were analyzed using SAS version 9.1.3 survey procedures, which use Taylor series linearization methods to accommodate sampling weights to account for stratification and clustering of the multistage National Health and Nutrition Examination Surveys sampling design in the calculation of prevalence estimates, standard errors, 95% confidence intervals, unadjusted or adjusted odds ratios, and test statistics. The sampling weights are inversely proportional to the probability of selection into the sample and are therefore interpretable as the number of individuals in the target population that each sample participant is estimated to represent. Weighted prevalence rates and standard errors were calculated for headache and comorbidity. Survey logistic regression models were used to estimate the association between headache and comorbid conditions, controlling for age, gender, race/ethnicity, and poverty income ratio. For all of the analyses, a two-sided test with P values <.05 was considered statistically significant. 26 
Results
Among 10 918 individuals aged 4 to 18 surveyed in 1999-2004, 17.1% were reported to have experienced frequent or severe headaches including migraine in the previous 12 months (Table 1 ). The prevalence of headache rose with increasing age. Before puberty, rates of headache were comparable in boys and girls, but after the age of 12, girls with headache outnumbered boys (Figure 1 ). The highest headache prevalence-27.4%-was observed in girls aged 16 to 18 years. Over the 3 2-year periods of the study, controlling for sex, race, and poverty income ratio, there was no significant trend in headache prevalence in the total or in the youngest subgroup.
Examined by self-reported race and ethnic group, frequent or severe headache rates were highest in nonHispanic black children and lowest in Mexican Americans. Reported headache frequency rose with decreasing family income level and was highest in those classified by the poverty index ratio as relatively low in income.
Children with headaches more often had other medical conditions, including asthma, hay fever, or frequent ear infections, but not chickenpox (Table 2) . Of children with headache, 41.6% experienced at least 1 of these conditions (adjusted odds ratio 2.2, confidence interval 1.9-2.6). Children with headache were 3.2 times more likely to have 2 of the 3 of these conditions (confidence interval 2.4-4.3), and 13.6 times more likely to have all 3 (confidence interval 4.8-38.4). When stratified by age, children aged 4 to 11 years had the strongest association with any or all of these conditions.
Other conditions that were more frequently reported in children with frequent or severe headaches were attention deficit disorder, learning disability, and stuttering or stammering. Anemia, overweight, and stomach or intestinal illnesses were more often observed in children with headache, but not high blood pressure or diabetes. A greater number of children with headache had a history of more than 1 of these conditions compared with their nonheadache counterparts. More girls with headache than without had experienced their first menstrual period before the age of 12 years, and this cannot be explained by children with frequent or severe headaches being more overweight, as early menarche and overweight were not significantly associated (odds ratio adjusted for race and poverty income ratio, 1.4, confidence interval 0.6-3.6).
Consistent with their higher frequencies of several comorbid conditions, children with headaches had more often missed school and had received health care more often and more recently than children without headaches (Table 3) . They were also twice as likely to have seen a mental health professional. A larger but still small proportion had been admitted to a long-term care facility, and more had household members who were in a care facility.
Discussion
Frequent or severe headaches including migraine were reported in 4% of 4-and 5-year olds, with prevalence increasing to 25% in the later teen years. Children who suffer from recurrent headaches are more likely to have other medical conditions and more frequent school absences compared to children without headaches. It is worth noting that frequent or severe headaches including migraine were reported more frequently in African American children and least often reported in Mexican American youth. The greater frequency of recurrent headaches in lower income households and among AfricanAmerican youth compared to other ethnic subgroups is of particular concern because of the well-recognized barriers to adequate health care among disadvantaged subgroups in the United States. Although there is substantial knowledge about the frequency, distribution, and correlates of headache and migraine in European countries, there are nearly no population-based data on the prevalence of migraine or recurrent headaches in children in the United States. One recent study using National Health Interview Survey data helped to fill this gap by presenting information on the magnitude, sociodemographic correlates, and psychosocial elements of headache in a very large sample of US youth. 9 Headache prevalence estimates in the present study were considerably higher than those in the NHIS survey and more comparable to previous studies. 1, [3] [4] [5] [6] [7] [8] Also, the NHIS survey results are based on data from a single 1-year period, whereas the present study establishes stable rates of headache for 3 consecutive 2-year periods.
Children with recurrent headaches often have other medical problems and higher rates of health care use. The fact that socioeconomically disadvantaged children are particularly prone to headaches further emphasizes the need for early identification of these children to minimize long-term consequences.
Medical conditions previously reported with increased frequency among adult persons with migraine or headache include asthma and atopic disorders, [27] [28] [29] [30] stroke and cardiovascular risk factors, sleep problems, motion sickness, epistaxis, and, in women of reproductive age, menorrhagia. In agreement with these studies in adults, we found that children with headaches had other medical conditions more often than children without headaches, with a range of 40% to 300% higher rates of several conditions assessed. In a parallel study of US adults in the National Health and Nutrition Examination Surveys, persons with headache also had increased rates of health care use and were more likely than those without headache to describe their health as ''fair or poor'' (Kalaydjian and Merikangas, unpublished). Together, these results suggest an association between headaches and both comorbidity and increased health care use that persists throughout the life course.
The strongest associations between medical conditions and headache emerged for asthma, hay fever, and frequent ear infection, at least 1 of these occurring in 41.6% of children with headache versus 25.0% of children free of headache (P < .0001). Being overweight, anemia and stomach or intestinal illnesses also occurred more often in children with headache but did not cluster as did asthma, hay fever, and frequent ear infection. Reports of an association between migraine with asthma and other allergic disorders have been reported in clinical samples of headache and allergic disorders for several decades. 28, 30 In fact, the consistent evidence relating headache disorders and migraine with asthma and allergies led 1 observer to refer to asthma as ''pulmonary migraine.'' 31 The results of the present study confirm those of prior population-based samples of adults in Norway 32 and the United Kingdom, 28, 33 thereby suggesting that migraineallergic comorbidity is not an artifact of treatment seeking or Berkson's bias. 34 Among conditions previously noted to be associated with recurrent headache, psychosocial and behavioral disturbances have been the most extensively studied, both in children and in adults, and in tension type headaches as well as migraine. [35] [36] [37] [38] Our results on the association between headaches or migraine in children and learning disabilities, attention deficit hyperactivity disorder, and stuttering or stammering are in agreement with a recent study using data from the National Health Interview Survey, 9 which represents the most comparable sample to ours in the literature.
The 2 chief classes of explanations for comorbidity include common etiologic pathways underlying the 2 conditions, or ''causal'' mechanisms in which the development of an index disorder or its treatment increases the risk of the occurrence of the comorbid condition. 38 For example, the inflammatory mediators underlying atopic disorders, particularly mast cells, may underlie the development of headaches. 39, 40 Alternatively, headaches could be a secondary manifestation of allergies, or a side effect of its treatment. The cross-sectional design of the present study did not permit our evaluation of these potential explanations. Prior studies seeking an inflammatory basis for migraine have looked at various immune mediators, including complement and immunoglobulins, histamine, cytokines, and immune cells, but failed to establish a consistent role for any 1 of these among migraineurs. 41 However, it is possible that inflammation is an important component in a subset of migraineurs, perhaps genetically determined, who also manifest other atopic diseases. Future prospective studies are needed to examine immune biomarkers in this subset of headache sufferers.
As measured in National Health and Nutrition Examination Surveys, severe or recurrent headache does not distinguish between migraine and other frequent or severe headache types. As demonstrated in many studies, the International Classification of Headache Disorders-1 was inadequate at distinguishing the primary headache syndromes in childhood. With publication of the International Classification of Headache Disorders-II in 2004, the sensitivity of diagnosis of migraine without aura in children improved from 21% to 53%, still missing almost half of pediatric migraine. 42 Although the lack of distinction between migraine and other headache types is a limitation of the National Health and Nutrition Examination Surveys data with respect to postpubertal children and adolescents, it is far less a limitation in consideration of young children. This is because headaches in early childhood are not only difficult to classify but also continuously evolve over time. 19 The likelihood of migraine at puberty is practically equal among children who present with tension-type headache or migraine at 6 years of age. 20 In either age group, knowledge of other conditions that occur with increased frequency in youth with recurrent or severe headache or migraine can lead to research to examine biologic mechanisms underlying the associations, aid in the delineation of more homogenous subgroups for clinical and genetic studies, and improve clinical management.
The strengths of this study include the large and nationally representative sample of a wide age range of children, the stability of headache rates over 6 annual waves of independent samples, and the breadth of correlates of chronic conditions included in the survey. Moreover, few population-based studies of headache have investigated comorbidity with a range of medical disorders, especially in the pediatric age group.
Conclusion
Most of the literature on comorbid conditions in children with headache has stressed psychological factors, and indeed these may be important as causes or consequences of headache, and need management. However, children with severe or frequent headaches or migraine are a multiproblem group. Asthma, hay fever, and frequent ear infections, separately or together, are especially overrepresented in children with headache. A fuller view of the range of problems facing children with recurrent headache may help in providing care, in considering biologic mechanisms, and in identifying more homogeneous subgroups for clinical and genetic studies. 
